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In recent years, warm working of ferrous materials in the 
temperature range 0.4-0.6Tm has assumed considerable importance 
in manufacturing components with a combination of good strength & 
ductility. The warm forged components are used in automobiles and 
require close dimensional tolerence and good surface finish.In 
the warm working temperature range (400-900~~), ferrous materials 
exhibit the process of dynamic recovery which produces a stable 
subgrain structure enhancing the strength. 
The aim of the present investigation is to study the warm 
working characteristics of alpha iron(bcc) , with a view to 
understand the mechanism of deformation and to optimise the 
process parameters, namely, temperature and strain rate. A 
further aim of the investigation is to examine the effect of 
alloying additions on the warm working behaviour of alpha iron 
with a view to understand the response of alloy steels, during 
warm working. Three binary alloys of iron, namely Fe-Si, Fe-Co 
and Fe-Ni are chosen for this investigation. It is well known 
that Si additions stabilize alpha phase while Ni additions 
stabilize gamma phase. Co on the other hand, does not 
significantly affect the transformation temperature. Furthermore, 
the Curie temperature is also influenced differently by these 
alloying additions. 
The approach adopted in this investigation involves 
developing of Processing Maps, using the concepts of Dynamic 
Materials Modelling. Processing Maps consist of the variation of 
the efficiency of power dissipation ( 9 = 2x1 / m+l , where m is 
the strain rate sensitivity of flow stress), as compared to an 
ideal linear dissipater, with temperature and strain rate. The 
input required for developing the processing map is the variation 
of flow stress with strain rate in a wide range at different 
temperatures in the warm working range. 
Compression tests were performed on alpha iron, Fe-5Si, Fe- 
0.5C0, Fe-5Co, Fe-O.5Ni and Fe-5Ni alloys in the temperature 
range 400-900~~ and strain rate range 0.001s-~ - 100s-~. From the 
load - stroke curves, true stress-true strain data were 
evaluated. The strain rate sensitivity of flow stress and the 
efficiency of power dissipation 2m/(m+l) were obtained on the 
basis of the flow stress data as a function of temperature and 
strain rate. Using a computer programme, processing maps, 
consisting of power dissipation and instability maps were 
developed for the various materials. Microstructures 
corresponding to the various domains were examined using standard 
techniques. 
The processing map for alpha iron exhibited two domains: one 
at 400~~/0.001s-~ with a peak efficiency 279 and another at 
800°c/ 0.001s-~ with a peak efficiency of 35%. The former domain 
represents dynamic recovery while the latter represents dynamic 
recrystallization. The ductility reaches a peak value at 800°c/ 
0.001~'~ where efficiency also reaches a peak. Alpha iron 
exhibits instabilities at strain rates greater than IS-' and 
temperatures below 700'~ and these manifest as adiabatic shear 
bands. 
The addition of Si does not change the map significantly 
except that the peak efficiency in the DRX domain (800°~/0.001s~' 
) has considerably increased. This is attributed to the decrease 
in the Curie temperature caused by Si addition which would 
enhance the grain boundary migration in this alloy. The additions 
of Co on the other hand, have shifted the DRX domain to higher 
temperatures and higher strain rates since Co increases the Curie 
temperature. Ni additions cause the formation of the two-phase 
region(a1phatgamma) in which both phases deform in a compatible 
fashion. However, Fe-Ni alloys exhibit extensive instabilities in 
a wide range of temperature and strain rate, making them 
unsuitable for warm working. The influence of the concentration 
of Co and Ni on the warm working characteristics is not very 
significant. 
In conclusion, the study shows that alpha iron exhibits 
dynamic recrystallization at 800°~/0. 001s-l. DRX is favoured by 
Si additions. Co shifts the DRX temperature to higher values 
while Ni additions are unfavourable for warm working. 
